Introduction
formance of rhythmic gymnasts does not change at any time of the day, but their dynamic balance performance reaches a peak in the morning. Complicated balance movements require more concentration and attention, and they are affected by sleep state [12] ; moreover, the change in body temperature is one of the main factors affecting circadian rhythm [13] .
Not all athletic rhythms reach a peak at the same time of the day. "Simple" tasks that are not very cognitively demanding tend to reach a peak in the evenings in parallel with the core temperature. However, "complicated" tasks involving a wider range of cognitive components tend to reach a peak in the morning and to show a significant decrease thereafter [11] .
The objective of this study is to examine the daily change in dynamic balance and the role of physical activity level, body temperature, chronotype, and gender in this possible change. Our hypothesis is that in trained and male subjects, dynamic balance will lead to better results during all times except the morning in parallel to body temperatures.
Material and methods

Subjects
Forty-two healthy male and female subjects with different physical activity levels voluntarily participated in the study. The criteria for test subjects included being between 18 and 25 years old and very active, according to the International Physical Activity Questionnaire (IPAQ) for trained groups and inactive and/or mildly active according to the IPAQ for control groups. The disqualifying criteria included having any illnesses or injuries in the last 6 months that might affect balance performance or a failure to complete the test period. Two out of 44 subjects were disqualified, as they failed to complete the test period.
The subjects were informed of the procedures applicable in the study and associated risks, and all provided informed consent in writing. The experimental protocol was approved by the Local Scientific Research Ethics Board (Approval No.: 20.478.486-172).
Study design
Height and leg height were measured using standard methods [14] . Body composition was measured with the bioelectric impedance method using a body analyser (Tanita BC-418, USA). The participants reported their dominant legs [13] . Body temperature was measured with a calibrated digital oral clinical thermometer (accuracy: 0.1°C, Microlife, Switzerland) [15] . Standard laboratory conditions were provided (22-23 o C and <60% humidity) during the tests.
The Turkish version of the "Last 7 days short form" from the IPAQ [16] was used to determine the physical activity level of participants as inactive, mildly active, or very active. The Horne and Ostberg self-assessment Morningness-Eveningness Questionnaire was administered the day before the first testing session to assess the chronotype of the participants [17] . A validity and reliability analysis of the Turkish version was conducted by Pündük, Gür, and Ercan [18] . The Turkish version of the Epworth Sleepiness Scale was additionally used to determine sleep quality [19] .
The participants' dynamic balance performances were determined using the Star Excursion Balance Test (SEBT), whose validity and reliability has been proven [20] and which is widely used among young adults (aged 18-25 years) [9, 12] .
SEBT measurement
The SEBT dynamic balance test zone was designed with 8 separate lines. The lines were 120 cm long, and they were marked starting from a common point at an angle of 45 degrees. The test was administered at 9:00, 13:00, and 17:00 randomly on three different days with a minimum interval of two days between tests.
Before each test, the participants did warm-up exercises. These included five-minute running and dynamic extension of the lower body parts.
During the test, the participants, with their hands on their waist, were asked to keep one of their legs fixed on the centre point and extend the other leg to the most distant point possible on a line, touch it softly with the tip of their foot, and bring their leg back to its initial position without losing their balance. The participants extended their legs to eight different clockwise directions in one trial, and three rounds with a 30-second interval were completed for each extremity. The average of these three reaching distances was recorded in cm. These lines indicated the anterior, anteromedial, medial, posteromedial, posterior, posterolateral, lateral, and anterolateral directions [21] .
The test scores were calculated by dividing the reaching distances by the leg length and multiplying these quotients by 100 [22] .
To avoid a learning effect, each test was repeated at least three times before the testing period [23] . There was an interval of minimum two days between the tests to help the participants recover [15] .
Statistical analyses
All statistical analyses were performed using SPSS (version 15.0) for Windows. The Shapiro-Wilk W test and Levene's test, respectively, showed that the data obtained met the assumptions of normality and homogeneity of variance. Leg and time were within-subject factors; sex, sleep state, and physical activity level were the between-subject factors in the present study. The main effects and the interaction effect of these factors on the dependent variables were assessed using a 2 × 2 × 3 (factor between related groups × leg × time) three-factor mixed-design variance analysis (ANOVA). In the case of significant main effects, a one-factor repeated measures ANOVA with the LSD post-hoc procedure was performed to identify the source of the difference. A paired samples t-test was used for analysing leg 
Results
Certain physical features of all of the subjects and a comparison of the physical features of the trained and control groups are shown in Table 1 . Accordingly, there were statistically significant differences between the two groups in their age, body fat ratio, and body fat percentage parameters (p ≤ 0.05).
Physical activity level, gender, and sleep state interaction in the time-dependent performance of the participants' (n = 42) dominant or non-dominant legs were tested using variance analysis for all aspects of the test. Accordingly, the leg showed a different structure in the anteromedial direction (F = 12. The scores obtained in the anterior, lateral, posterolateral, posterior, and posteromedial directions at 13:00 and in the anterior, posterolateral, and posterior directions at 17:00 (p ≤ 0.05) in the dominant leg were significantly different from those recorded at 9:00. When the legs were compared, the dominant leg was found to have a significantly higher performance in the anterolateral, lateral, and posterolateral directions, whereas the non-dominant leg had a significantly higher performance in the posterior, posteromedial, medial, and anteromedial directions (Tab. 2). 
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Statistically significant differences were found in the average temperatures measured (p < 0.001). The lowest body temperature value was found at 9:00, while the highest value was measured at 17:00 (Fig. 2 ).
* indicates significant differences with respect to other two time points, p < 0.001.
Figure 2. Time-of-day changes in body temperature
A correlation analysis was conducted between the body temperatures and the test performances. A significant positive correlation was found in the body temperature measured at 17:00 and non-dominant leg performance at 9:00 in the anterolateral direction (r = 0.341, p = 0.027), as well as non-dominant leg performance at 13:00 in the anterolateral (r = 0.388, p = 0.011) and lateral (r = 0.337, p = 0.029) directions. A significant negative correlation was found between the body temperature measured at 13:00 and non-dominant leg performance at 9:00 in the posterior (r = −0.319, p = 0.040) and posteromedial (r = −0.308, p = 0.047) directions.
The SEBT performances of the groups, who were divided into two based on the IPAQ classification, were compared, and a significant difference was found for the 13:00 test scores (for the dominant leg in the anterior, lateral, posterolateral, posterior, and posteromedial directions and for the non-dominant leg in the posterolateral and posterior directions) and for the 17:00 test scores (for the dominant leg in the anterior posterolateral, posterior, and posteromedial directions and for the nondominant leg in the anterior, anterolateral, lateral, and posterolateral directions) compared to the scores of the 9:00 test. When the groups were compared, the trained group was found to score better in posterior directions (posterolateral, posterior, and posteromedial) in the dominant leg in the 13:00 and 17:00 tests (Tab. 3).
The results of the two questionnaires used for sleep state assessment were parallel to each other. The participants' mean score in the Epworth Sleep Scale was found to be 4.92 (normal value), and the mean score obtained with the MorningnessEveningness Questionnaire was 48.8 ± 7.01. Six participants were identified as closer to the evening type, and 3 were closer to the morning type. Thirty-three participants were found to be intermediate types. Thus, two groups were created: one group of participants closer to morning or evening types (n = 9) and the other one consisting of intermediate types (n = 33). The SEBT results of these groups were compared. A significant performance difference was found between the two legs especially in intermediate types, in particular in anterior directions in the 
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dominant leg (anteromedial, medial, and posteromedial) and in posterior directions (posterior, posterolateral, and posteromedial) in the non-dominant leg. When the test performances of these groups at different times of the day were compared, the intermediate types had significantly higher test scores in the dominant leg in the lateral, posterolateral, and posterior directions at 13:00 in comparison with the scores at 9:00. The SEBT results were compared on the basis of gender, and men revealed significantly better performance, especially in the 9:00 and 13:00 tests. When the results obtained for the dominant and non-dominant legs were compared, there were significant differences in the dominant leg in the anterolateral and lateral directions and in the non-dominant leg in the posteromedial and medial directions in every session in both genders. When the scores of female participants at three different times of the day were compared, it was found that the scores for the anterolateral, lateral, and posterior directions at 13:00 as well as the anterior, anterolateral, lateral, posterolateral, and posterior directions and the posterior direction for the non-dominant leg at 17:00 differed significantly from the test scores at 9:00. In the male participants, however, the significant differences were noted between the posterolateral, posterior, and posteromedial directions at 13:00 and the posterior and posteromedial directions at 17:00 test scores as well as those at 9:00. Time-dependent balance performance changes in the dominant and nondominant legs showed a similar structure in terms of gender (p > 0.05) [F (2, 80) = 2.081, p = 0.131, ηp2 = 0.049].
Discussion
The primary purpose of this study was to examine the effect of circadian rhythm on dynamic balance performance, and the secondary purpose was to investigate the influence of physical activity level, body temperature, sleep state, and gender on this possible effect.
Dynamic postural balance has generally been studied using a single-leg hop test [24] , stability biodex [15] , and the posturography system [25] . These methods assess dynamic postural control functionally but not the stability ability of individuals [26] . SEBT is simple and affordable and requires no professional equipment. It has better validity and reliability than other tests. This test can assess functional abilities, including stability ability and dynamic balance control, based on the performance of the lower body in 8 directions [14, 27, 28] .
Circadian rhythm is known to affect many athletic abilities [29] . Some other factors like age, the type and intensity of exercise, jet-lag, and sleeplessness also affect these daily changes [15, 29, 30] .
The number of studies that examine the relation between circadian rhythm and balance is limited. In a study on rhythmic gymnasts, static balance performance was found not to change at any time of the day, and dynamic balance performance was observed to reach a peak in the morning [11] ; similarly, dynamic balance performance was reported to be better in the morning [9] . In another study with participants over the age of 65, Jorgensen et al. [31] reported that the most significant negative changes in postural balance were observed at 12:30 and 16:00 based on postural sway area (7.1%) and postural sway length (4.6%). In another study with young and healthy participants, the best score related to a dynamic balance test was reached at 9:00, and the worst score was obtained at 13:00 [32] . In a study with young participants, the best SEBT score was reached at 10:00 compared to other scores recorded at different times of the day [23] .
In contrast to the results of these studies, Heinbaugh, Smith, Zhu, Wilson, and Dai [33] applied a dynamic balance test (Y Balance Test) to 34 physically active participants at 7:00-10:00 and 15:00-18:00. They reported that circadian rhythm had a minimal effect on dynamic balance. In our study, the lowest test scores were observed in the morning, and the highest scores were obtained at 13:00 in the dominant leg (p ≤ 0.05). Sleep state, body temperature, and training level, which are all known to exert possible effects on circadian rhythm, might have played a role in these results.
Different muscles are involved in SEBT performances in different reaching directions. Hamstrings and quadriceps muscles are effective in all directions. The vastus lateralis is generally active in the dynamic balance performance of the non-dominant leg in the medial and posteromedial directions [34] . However, the biceps femoris muscle functions more in the posterior, posterolateral, and lateral directions. In our study, SEBT tests were conducted with the dominant and non-dominant legs at different times of the day. Statistically significant differences were found in the anterior directions in the dominant leg and in the posterior directions in the non-dominant leg. Given that other features that affect SEBT performance are range of motion [21] , neuromuscular coordination, and strength [14, 35] , trained participants might be expected to reach test scores significantly different from those of untrained ones, and the dominant leg might be expected to reach test scores significantly different from those of the non-dominant one.
In another study on the relation between different Q angles and static and dynamic balance performance, the dominant leg was reported to have a longer reaching distance in SEBT [36] . The fact that the non-dominant leg might have a lower neuromuscular capacity than the dominant leg was thought to be an important factor [37] .
The changes in body temperature were previously reported to be among the main factors affecting circadian rhythm [13] . In our study, body temperature was thought to have a circadian rhythm effect on the SEBT results: the lowest body temperature and the lowest test scores were obtained at 9:00, and with a gradually increasing body temperature, the best test scores were recorded at 13:00. A correlation analysis was conducted between the test scores and the body temperatures. A significant positive correlation was found between the body temperature at 17:00 and the results for the non-dominant leg in the anteromedial direction in the morning and the anteromedial and medial directions test at 13:00. A significant negative correlation was found between the body temperature at 13:00 and the results for the non-dominant leg in the posterior and posterolateral directions in the morning (p ≤ 0.05). Besides, a statistically significant relationship was found between the average temperatures measured and the percentage temperature differences among them (between 9:00 and 17:00, 1.67%). As in our study, body temperature changes detected in previous studies were 2% [38] , 2.7% [39] , 1% [40] , and 1.7% [15] .
In studies that support the findings of our study, the physical performance of swimmers [41] and cyclists [30, 42] was reported to gradually increase throughout the day, and a positive correlation with body temperature was found. In a study on the comparison of body temperature and jumping score at 10:00 and 17:00, body temperature (36.9 vs. 37.2°C; p < 0.001) and peak power output of jumping (5248 vs. 5413 W; p < 0.001) were found to increase at 17:00. It was concluded that slight circadian changes in body temperatures might affect the physical performance of elite players [43] .
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Regularly training athletes have a better balance performance. In a study on the dynamic balance performances of elite athlete groups, gymnasts proved to have better balance scores than all other groups. Football players and swimmers were better than individual athletes, and all the athletes had better scores than control groups. However, no significant difference between women and men was reported [44] . In our study, when the participants were grouped as trained (very active) and control (inactive or mildly active), the trained group had significantly better scores at 13:00 and at 17:00 in the posterior directions. These results can be linked to the fact that trained athletes have more muscle strength and a better range of motion as a consequence of regular exercise.
Schlesinger et al. [12] emphasised that complex balance movements require more concentration and attention, and therefore the sleep state of participants is important. In our study, the test performance did not show a difference at different times of the day for either leg in terms of chronotype. This result was thought to be related to the fact that the majority of the group were intermediate types. Likewise, no significant relation was reported between the dynamic balance test scores in non-trained adolescents and body temperature variations by other authors [11] .
One of the factors that affect dynamic balance performance is gender [35] . Female participants performed worse than male participants in terms of posterior extensions [23] . This result was linked to the fact that in SEBT tests, the quadriceps muscles are more dominant in anterior extensions, while hamstring muscles are more dominant in posterior extensions. Actually, women usually have stronger quadriceps femoris muscles and weaker hamstring muscles. In our study, men performed significantly better than women in the 9:00 and 13:00 tests. The physical, physiological, and conditional features of male participants were thought to have an effect on this result.
Conclusions
Our study demonstrated that dynamic balance performance was affected by circadian rhythm with the influences of body temperature, gender, and physical activity level. Chronotype was not found to have an effect on the results in our study.
Further studies that will be conducted on large samples with controlled physical activity will provide more reliable information about balance performance.
